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ABSTRACT 
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Whitefish populations around the world have long been difficult to categorize 
taxonomically. The whitefish of Bear Lake, Utah/Idaho are no exception. There 
are three recognized species of Prosopium that are endemic to the lake. Two of 
these species, Prosopium spilonotus and Prosopium abyssicota, have previously 
been indistinguishable outside of spawning times. Previous studies have proposed 
additional taxa within P. spi/onotus to further complicate the identification among 
these taxa . 
Morphological characteristics were quantified on wild whitefish from Bear 
Lake, as well as from progeny reared in the laboratory from the wild adult fish. The 
purported taxa were separated in the field using the best characteristics presented 
in previous studies, and the progeny were reared separately in these groups. 
iii 
Otolith aging was also done on the wild adult fish to understand the age structure 
of the spawning populations. 
Results from otolith aging and morphological analyses on the laboratory-
reared fish indicated that there is only one taxonomic group of P. spi/onotus. By 
using scale counts , it was determined that P. spilonotus and P. abyssicola can be 
distinguished from each other with considerable reliability . 
(68 pages) 
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INTRODUCTION 
Fish populations are often notorious for being difficult to categorize 
taxonomically. Varying levels of introgression among populations and species , as 
well as high levels of plasticity within a species, can make distinguishing among 
populations and species difficult (Hubbs 1955; Svardson 1970; Behnke 1972; 
Bodaly et al. 1992). Modern techniques of genetic analyses can prove invaluable 
in sorting out such taxonomic puzzles (Kirkpatrick and Selander 1979; Mann and 
McCart 1981 ; Bernatchez and Dodson 1990b; Edge et al. 1991 ; Vuorinen et al. 
1993; Pigeon et al. 1997). However, there is often the need to be able to distinguish 
among closely related , and morphologically similar, groups in the field . 
Many corigonine fishes of North America and Eurasia have created problems 
for taxonomists and biologists attempting to identify species and assess stock 
composition (Lindsey et al. 1970; Svardson 1970; Todd and Smith 1980; 
Bernatchez and Dodson 1990a; Shields et al. 1990; Edge et al. 1991 ; Snyder 
1992). Sympatric existence of closely related , yet distinct forms of whitefish are 
known to exist throughout the world (Lindsey et al. 1970; Bodaly 1979; Kirkpatrick 
and Selander 1979; Mann and McCart 1981 ; Shields et al. 1990; Bodaly et al. 1992; 
Vuorinen et al. 1993). These fish have often been distinguished by morphological 
and/or genetic properties (Lindsey et al. 1970; Bodaly 1979: Shields et al. 1990; 
Bodaly et al. 1992; Vuorinen et al. 1993). The ability to differentiate between forms 
of a species complex is of particular importance when these fish are harvested. 
Fishing pressures can be selective, decimating one population while having little 
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effect on another (Larkin 1977; Kristofferson and Clayton 1990). Other factors 
could also alter the system and affect the groups differentially (Behnke 1972; 
Bodaly 1979; Vuorinen et al. 1993). 
Some sympatric whitefish populations have been found to have nearly 
identical , yet reproductively distinct, populations that morphologically seem to vary 
only in maximum size of adult fish (Mann and McCart 1981 ; Shields et al. 1990; 
Vuorinen et al. 1993; Pigeon et al. 1997). This presents obvious difficulties when 
trying to access stock composition of each population , when small individuals could 
be of either group. 
Currently, there are three recognized species of whitefish in Bear Lake, 
Utah/Idaho: Bonneville whitefish (Prosopium spilonotus) , Bear Lake whitefish 
(Prosopium abyssico/a) , and Bonneville cisco (Prosopium gemmiferum) (Snyder 
1921 ). Only the cisco is easily distinguished from the other two species by means 
of simple morphological characters. At present, it is difficult to differentiate between 
Bonneville whitefish and Bear Lake whitefish. The most discriminating 
characteristic between them is a difference in spawning time . At other times of the 
year they have been indistinguishable, making it difficult to follow population 
dynamics of the different groups for management or research . 
The three recognized species of whitefish in Bear Lake were originally 
described by Snyder (1921), who alluded to the difficulty of distinguishing between 
species of Bonneville whitefish and Bear Lake whitefish, particularly at younger age 
classes. White (1974) made considerable progress in attempting to distinguish 
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among the three groups of whitefish by quantifying morphological characteristics. 
In addition , he proposed that there are actually two, and possibly three, different 
forms of Bonneville whitefish referred to as P. spilonotus (small form) and P. 
spilonotus (large form) . The potential third form may be an intermediate or hybrid 
of the other two. Due to the continued difficulty in distinguishing between the two 
recognized species, as well as the possibility of additional taxa, little work has been 
done to understand the ecology of these fish . 
The geologic history of the region provides evidence for the possibility of 
allopatric origins of the whitefish species in Bear Lake (Behnke 1972; Smith and 
Todd 1984). Since the Pleistocene glacial period , Bear Lake has been periodically 
connected to and separated from the Bear River system (Sig ler and Sigler 1987). 
The Bear River has in turn been connected to the larger Lake Bonneville system 
and at one time to the Snake River system about 34 ,000 yr ago (Minckley et al. 
1986). Fossil evidence suggests that whitefish similar to those found in Bear Lake 
were once present in the ancient Bonneville system (Smith et al. 1968). It has been 
suggested, however, that sympatric divergence could also have taken place via 
reproductive allopatry and allochrony, whereby the species are separated 
reproductively by space and/or time within the lake (Svardson 1970; Kirkpatrick and 
Selander 1979; Mann and McCart 1981; Smith and Todd 1984 ). Sympatric 
divergence has also been hypothesized to be the result of exploitation of alternative 
resources (Bock 1970; Mann and McCart 1981 ; Schluter and Grant 1984; Schluter 
and McPhail1992; Schluter 1993; Schluter 1995). The relatively recent divergence 
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between whitefish species in Bear Lake provides a unique opportunity to study the 
speciation process. 
Bear Lake has undergone numerous fluctuations in fish density, water levels, 
and limnological parameters in recent years that may have impacted these fish 
(Wurtsbaugh and Luecke 1998). Combined whitefish abundances have shown 
varying trends depending on the size class (Tolentino and Nielson 1999), and it is 
unknown if each species , or form , is demonstrating differential fluctuations from the 
complex as a whole. Without fully understanding the taxonomic composition of the 
whitefish complex in Bear Lake, it is impossible to follow population dynamics 
properly and study ecological factors controlling these populations. 
By using , and expanding upon, the morphological analyses used by White 
( 197 4) the primary goal of my research was to clarify the taxonomy of the whitefish 
in Bear Lake. These data will provide information on the degree of morphological 
divergence between the proposed whitefish taxa. A second goal was to 
demonstrate whether any morphological differences found among taxa are heritable 
or whether they are environmentally induced. To distinguish between these two 
possibilities, progeny from wild adults were reared under common environmental 
conditions. A third objective was to quantify any morphological ontogenetic 
changes in the laboratory-reared fish . White (1974) provided useful diagnostic 
characteristics for adult whitefish , but it is not known whether ontogenetic shifts in 
morphology would allow measurements on subadults to be comparable with those 
made on adults. It has also been shown that environmental factors can cause 
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differential phenotypic expression in genetically similar fishes (Lindsey et al. 1970; 
Todd and Smith 1980; Todd et al. 1981}, indicating the importance of determining 
environmentally versus genetically based differences. 
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METHODS 
Study Site 
Bear Lake is located in the northeast corner of Utah and the southeast 
corner of Idaho at 42° 00' Wand 11° 20' N. Its surface area is approximately 280 
km2. It is located at an elevation of 1805 m at full-pool with a maximum depth of 63 
m. Bear Lake was a closed system unti1191 7 when water was diverted through a 
canal to and from the Bear River for water storage. Much of the lake bottom is 
comprised of fine marl sediments from calcium carbonate precipitation. 
Consequently, there is limited rocky substrate and macrophytic grow1h in Bear Lake 
(Wurtsbaugh and Hawkins 1990). 
Bear Lake is very oligotrophic and consequently fish production is limited 
(Moreno 1989; Wurtsbaugh and Hawkins 1 990). Bear Lake contains four endemic 
fish species including Bear Lake sculpin (Coitus extensus) , Bear Lake whitefish , 
Bonneville whitefish, and Bonneville cisco. Bonneville cutthroat trout 
(Oncorhynchus clarki utah) are indigenous to the system, and are the focus of 
intense sport fishery management. Lake trout (Salvelinus namaycush) have been 
sustained through stocking in Bear Lake for sport fishery purposes, and continued 
stocking is proposed for the future. Other native species found in Bear Lake 
include Utah sucker (Catostromus ardens), speckled dace (Rhinichthys osculus), 
redside shiner (Richardsonius balteatus} , and Utah chub (Gila atraria) . Nonnative 
species in Bear Lake include common carp (Cyprinus carpio} , yellow perch (Perea 
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fla venscens), and rainbow trout (Oncorhynchus mykiss) (Wurtsbaugh and Hawkins 
1990). 
Few ecological studies have been conducted on Bear Lake and Bonneville 
whitefish . This is due in part to the difficulty in distinguishing between these two 
groups as well as possible additional forms within the complex. Thus, it is not 
known how water fluctuations, nutrient loading, shifts in zooplankton composition , 
and intensive sport fishery programs have affected each of the whitefish taxa 
individually. Previous studies have treated Bonneville and Bear Lake whitefish as 
a single group. These studies have indicated that whitefish can be found at all 
depths in Bear Lake, but the highest densities are typically found at the 
metalimnetic interface (Wurtsbaugh and Hawkins 1990). The diets of the combined 
whitefish complex consist mainly of chironomid larvae for 75-249 mm whitefish , and 
a seasonally variable diet of benthic invertebrates, sculpin, zooplankton, and 
terrestrial insects for whitefish >250 mm (Wurtsbaugh and Hawkins 1990). 
It is important to find practical ways of identifying each taxon , thereby making 
future studies easier to conduct. In addition , the whitefish of Bear Lake are 
harvested by anglers, particularly during the spawning periods, and it is not known 
how this affects each group within the complex. For these reasons , population 
monitoring programs would also be able to provide more specific information about 
population fluctuations, and management agencies would be better able to avoid 
human-induced effects on each of the groups of whitefish in Bear Lake. 
8 
Sample Collection and Fish Culture 
Bonneville whitefish were collected during their spawning season in 1994 
and again in 1995. Bonneville whitefish spawn from late November through most 
of December (White 1974). Most of the Bonneville whitefish for this study were 
collected with sinking experimental gill nets ranging in size from 19 mm to 51 mm 
(3/4" to 2") bar mesh during the daytime in 2-15 m of water. Netting was done on 
the eastern shore near the middle of the lake (Cisco Beach) where there is 
abundant rocky substrate that is the preferred spawning habitat for these whitefish 
(White 1974). 
Bear Lake whitefish typically spawn from mid-February to mid-March (White 
1974). They were collected during their spawning season in 1995 and 1996. All 
of the Bear Lake whitefish used in th is study were captured during daylight hours 
in 12-20 m of water at a large aggregation of rocks located just off the west shore 
of Bear Lake about 8 km north of the southwest corner of the lake. Attempts were 
made to capture the Bear Lake whitefish in other rocky areas, such as Cisco Beach, 
but very few fish were caught in these areas. 
In 1994, Bonneville whitefish were collected on a single sampling trip on 14 
December. By using general appearance characteristics described by White 
(1974) , such as spotting patterns and scale size , the fish were separated into 
purported large- (200-235 mm standard length [SL]) and small-form (160-210 mm 
[SL]) groups and spawned separately. It is now believed that both groups spawned 
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in 1994 should have been classified as the alleged small-form fish , and the putative 
large-form fish were missed. The spawned adults were frozen , and subsequently 
placed in 10% formalin . Approximately 3,000 to 6,500 eggs were collected and 
fertilized . The fertilized eggs were then brought back to the laboratory to be 
incubated and reared . Eight subsamples of 10-20 fish from each of these groups 
were collected and preserved in formalin at various life stages from first hatch to 
over 37 months old. 
In 1995 Bear Lake whitefish were also gill-netted and spawned during their 
spawning period on 13 March. Unfortunately, water flow and heating malfunctions 
killed all of the fry shortly after hatching . The spawned adults were frozen and later 
preserved in formalin. 
On 19-20 December 1995, additional Bonneville whitefish were collected , 
separated into purported large- and small-form groups based mainly on size as 
described by White (1974), and spawned . Fish were classified as large-form if they 
were > 267 mm SL, and small-form fish if they were < 240 mm SL. Twenty-five of 
the spawned adults from each group were tagged and preserved in formalin for 
analyses. The fertilized eggs from each group were reared in the laboratory. Nine 
subsamples of 10-20 fish were taken from each of these groups for analyses over 
a 25-month period . 
In 1996 Bear Lake whitefish were again collected on 21 February, and 25 
adults were spawned, tagged , and preserved in formalin . Problems with disease 
during laboratory rearing limited the numbers of reared juveniles from this group 
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that survived for analyses. As a result , only five subsamples of 5-20 fish were taken 
over a 25-month period . 
Fertilized eggs from the wild adults were taken to the aquatic laboratory at 
Utah State University for incubation. Eggs from each spawned group were 
incubated in separate chambers , and screens were placed over the outflows of 
incubation chambers to prevent mixing of eggs and fry with other groups. Eggs 
from the Bonneville whitefish were kept at 4°C (+/- 2°C) for the duration of the 
incubation period , mimicking temperatures in Bear Lake. Because the Bear Lake 
whitefish spawn later, their egg incubation temperatures were increased near the 
end of their incubation to coincide with spring increases in the temperature of Bear 
Lake (Wurtsbaugh and Hawkins 1990). 
The Bonneville whitefish eggs from the adults spawned in December of 1995 
had all hatched by 31 March 1996, requiring 440 degree-days. The fry averaged 
10.8 mm SLat hatching . Both the purported large- and small-forms required the 
same number of degree-days to hatch. The Bear Lake whitefish from the adults 
spawned in 1996 had all hatched by 20 May 1996, requiring 422 degree-days, and 
averaged 9.9 mm SL. 
Newly hatched fry from each group were placed in separate rearing tanks , 
and fed both live brine shrimp nauplii and Biokiowa® 400 dry fish food . During the 
first 9 months of rearing a timed release feeder provided excess food for a 12-
h/day. Later, the fish were fed in excess at least twice daily by hand. As the fish 
increased in size, the food size was increased accordingly. They were weaned 
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from live food by 75 days from hatch, at about 30 mm SL. The fish were fed semi-
moist Biodiet® grower when they were about 75 mm SL. Temperatures were 
approximately 1 ooc for the first 6 months to help minimize problems with disease 
and fungus. Temperatures were subsequently increased to 14-16°C for the 
remaining rearing period . 
The fish were held in 250-L rectangular tanks until they were approximately 
50 mm SL, and then most were placed in 400-560-L circular and rectangular tanks 
for the remainder of their rearing . Some variation in rearing conditions may have 
occurred between Bonneville whitefish from the December 1994 spawn, and those 
from the December 1995 spawn. These differences would have been in the 
incubation and initial rearing temperatures due to the inability to fully control the 
equipment. The progeny from both groups of Bonneville whitefish spawned in 
December of 1995, and the Bear Lake wh itefish from February of 1996, were reared 
under nearly identical conditions due to their being reared at the same time. 
Therefore, any fluctuations would more likely have been the same for each of these 
groups. 
Morphometric Ana lyses 
In total , 202 laboratory-reared fish and 134 wild adult fish were used for 
morphometric analyses. The following measures and scale counts were made as 
described by Hubbs and Lagler (1 967) : total length (TL) , SL, interorbital width , 
dorsal base length, head length , postorbital head length, eye diameter, and total 
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scales in lateral line. A count of scales above the lateral line was similar to the 
count described by Hubbs and Lagler (1967), with some exceptions in the starting 
point at the anterior origin of the dorsal fin . If a single row of scales covered the 
ridge of the back, then it was included in the count for either side . If the ridge of the 
back had a row on either side of it, only the row of scales on the side being counted 
was included. For most fish , counts were even on both sides, and when both sides 
were counted all rows were included at least once. 
Adipose height, maxi llary length, and pelvic to anal distance were measured 
as interpreted from White (1974). These measurements are as follows: 
Adipose height - the greatest distance from the anterior point where the 
adipose fin meets the body, to the most posterior point on the fin . 
Maxillary length -the greatest distance from the anterior part of the maxillary 
to the most posterior edge, not including the premaxilla . 
Pelvic to anal distance - distance from the anterior point where the pelvic fin 
meets the body to the anterior point where the anal fin meets the body. 
Most of the aforementioned characters were selected because they were 
useful in distinguishing between the purported forms in White's (1974) study. 
Initially, all measures were made on at least 20 fish from each adult group. Adipose 
height, pelvic to anal distance, dorsal base length, and eye diameter were later 
dropped because they did not appear to be useful for discriminating among adults 
of taxa . 
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Measurements of fish > 75 mm SL were taken with digital calipers accurate 
to 0.1 mm. Measurements made on fish < 75 mm SL were made with an eyepiece 
micrometer in a dissecting microscope at 1 Ox magnification. When possible , all 
measurements and scale counts were made on the left side of the fish . Most of the 
measurements were made on formalin-preserved fish . Twenty fish were measured 
before and after formalin preservation to quantify any differences in the measured 
characters between fresh and preserved fish . 
To compare measured characters among different-sized fish , the 
measurements were transformed into a ratio of that body part to thousandths of SL 
(Hubbs and Lagler 1967; White 1974). The transformed data were then analyzed 
both univariately (t-test) and multivariately (principal-component analysis [PCA]) to 
identify the distinguishing characteristics that could be used to describe the 
different forms. One of the underlying objectives of this study was to make the 
methods of identification as simple as possible for management and research 
purposes. Therefore, an attempt was made to incorporate the simplest methods of 
identification possible that could reliably distinguish between each group. 
Truss Analyses 
Truss analysis was used to describe the overall body shape of a fish by 
taking measurements between points on an individual , and comparing these 
measurements to other individuals (Strauss and Bookstein 1982; Ehlinger 1991 ; 
Toline and Baker 1993). To obtain the truss data, 20 adults, and 20 cultured 
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progeny from each group were photographed with fins pinned such that specific 
points on the fish could be identified. The negatives were then viewed on a Lieca 
Q500MC computer imaging program through a microscope at 6.5x magnification. 
Points of measurement were identified , and lengths (mm) calculated from a 
calibration ruler that was photographed with each fish . Measurements were size-
adjusted by conversion to thousandths of SL for comparison between different-sized 
fish . Twelve truss measurements were used to describe the body forms of the 
different groups (Fig . 1). PCA was used to quantify covariation in truss lengths 
among the different proposed species and forms. 
Aging 
Otoliths extracted from 20 wild adults representing each taxa were used to 
quantify age differences of the reproducing fish . Otoliths were prepared by cutting 
a thin cross section out of the center of the otolith. The sections were mounted on 
slides , sanded, and read through a microscope (Secor et al. 1991 ). The otoliths 
were read by three people, and the mean age for each fish was used for the 
analysis. 
Aging was done primarily to determine whether the bimodal size distribution 
noticed in the proposed large- and small-forms of Bonneville whitefish sampled in 
December of 1995 is related to differential growth rates or spawning ages of two 
distinct populations. If fish from the two proposed forms of the Bonneville whitefish 
were the same age, yet considerably different in size distribution, it would indicate 
FIG. 1. Truss measurements made on wild adult and laboratory-reared whitefisfish. The measurements were in mm and 
converted to thousandths of SL to be used to describe body forms among the proposed taxa. 
U1 
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different growth rates between distinct forms. Alternatively, different age classes 
between the two groups would help to verify that the purported large- and small-
form Bonneville whitefish were in fact a single population . The aging data were 
also used to provide information on the age structure of reproductively mature 
whitefish of each population since the otoliths were taken from spawning adults. 
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RESULTS 
Spawning 
Only one of the 40 adult Bonneville whitefish measured from those collected 
in 1994 was over 300 mm TL (SL = 0.84 * TL) (Fig . 2A). Not all of the fish captured 
in 1994 were measured . Consequently, Fig . 2A only roughly reflects the size 
distribution of the spawning Bonneville whitefish captured in 1994. The two groups 
represented in the figure show how these fish were originally separated into the 
purported large- and small-form groups. As a result of later analysis , it is now 
believed that both groups captured in December 1994 shou ld have been classified 
as the purported small-form fish. The progeny from these two groups were reared 
separately in the laboratory. 
Adult Bonneville whitefish caught and spawned in December 1995 
demonstrated a different pattern . There was a noticeable bimodal distribution in the 
size of these fish (Fig . 2B) . It is doubtful that the bimodal distribution from the 1995 
fish is the result of biased sampling gear. The gill-nets used were experimental 
nets with five panels ranging from 19-51 mm bar mesh , and a difference of 6.4 mm 
between panels is unlikely to miss a significant size class. The bimodal size 
distribution shown from all adult Bonneville whitefish captured in 1995 supported 
White's (1 974) suggestion that there may be a large- and small-form of this species 
(Fig. 2C) . However, it is also possible that the bimodal distribution indicates 
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FIG. 2. A. Size distribution of spawned wild adult Bonneville whitefish captured 
with gill-nets in Bear Lake in December 1994. Only one fish was over 300 mm, 
and was the only representative of the supposed large form group of the 
Bonneville whitefish. B. Size distribution of the Bonneville whitefish spawned from 
gill-netting in Bear Lake in December 1995. Progeny from the groups labeled as 
the proposed large and small forms of Bonneville whitefish were reared separately 
in the laboratory. C. Size distribution of all whitefish caught in gill-nets in 
December 1995. 
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different age classes of a single form, which seems possible given the relatively few 
numbers of larger fish caught compared to small fish . 
The larger fish (>300 mm SL) seemed to have started spawning earlier than 
the smaller fish in 1995, but there was considerable overlap . The relatively late 
sampling in 1994 may have led to the larger ripe fish being missed. The sampling 
dates in December of 1995 were also late in the spawning season for the 
Bonneville whitefish . As a result , many fish had to be collected to find sufficient 
numbers of ripe Bonneville "large-form" fish for spawning. Over the two-day 
sampling excursion in December of 1995, 59% of the 22 fish captured and 
classified as possible large-form fish had spawned. During the same sampling 
period , only 16% of the 88 fish classified as small-form had spawned . 
Morphometric Analyses 
Ten morphometric/count characteristics were used to distinguish among 
groups. TL and SL were initially used to separate the proposed Bonneville 
whitefish forms. Aside from TL and SL, maxillary length, interorbital width , head 
length, and postorbital head length contributed the greatest amount of variation 
between the purported large and small wild adult Bonneville whitefish (Table 1). 
There was very little, if any, overlap in the range of these four characters between 
the adult large and small Bonneville whitefish, and between the large Bonneville 
and the Bear Lake adult whitefish. After measuring all of the 10 characters on the 
first 20 adults from each group, four of the measures were dropped. It appears that 
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pelvic to anal distance may have been prematurely dropped from the 
measurements of subsequent groups, given the distinction shown among the few 
large and small Bonneville and Bear Lake whitefish that had that measurement 
taken (Table 1 ). 
A bivariate plot of maxillary length and interorbital width shows the relatively 
clear distinctions between the purported wild adult large- and small-form Bonneville 
whitefish (Fig . 3). Maxillary length and interorbital width were the two characters 
measured that seemed to reliably differentiate between the purported large 
and small adult Bonneville whitefish (Fig . 3, Table 1). However, none of these 
four characters were useful in differentiating between the small Bonneville whitefish 
and the Bear Lake whitefish . 
PCA on the 10 size-adjusted measures and counts demonstrated fairly clear 
distinctions among adults of the two purported forms of Bonneville whitefish and the 
Bear Lake whitefish (Fig . 4). In the PCA, 67.5% of the variation found between the 
adult large and small Bonneville whitefish could be explained by the first two 
principal components (Fig . 4). Principal component (PC) 1 accounted for 51 .3% of 
the variation , and was loaded primarily by maxillary length, interorbital width , head 
length, and postorbital head length, with eigenvector values ranging from 0.42 to 
0.43. PC 2 accounted for an additional 16.2% of the variation. Scales above 
lateral line, scales in lateral line, eye diameter, and pelvic to anal distance were the 
variables contributing most to PC 2. Though eye diameter and pelvic to anal 
distance contributed heavily to PC 2, they did not seem to be as helpful in 
TABLE 1. Averages, maximums, minimums, and standard deviations (SO) of each morphometric measure nnd scale count 
made for each of the groups of wild adult and laboratory-reared fish used in this study. All measured characters i.ll e in 111111, 
and all measures other than TL and SL are converted to thousandths of standard length. 
Thousaodltts of st;~ndard length CouHI$ 
Total Stand•rd lholi.Uiaty lnterortJital Dorsal bu. Adlpou Pelvic-anal Head Postorbital .,. Scales in Sc11tn above 
Group length ltnqth length wldth length helaht distance length htadlenqth diameter !all11alllue 
WILD ADULTS 
Bonne11illetarge AYerage 35.4.21 300.07 69,16 65.7:) 110 . .&.4 77.28 222.07 261.27 127.79 31.03 
form19a5 Mu.lmum 424.00 361.00 6!1.35 1:W.a5 95.42 256.48 286.70 144.88 U .01 
n•29 Minimum 320.00 267.00 59,50 59.27 109.t7 76.45 226.5& 235.86 11l.45 
' so 21.49 18.11 4.36 2.36 6.82 fUl7 t .ao 12.60 1.65 2.79 0,32 
Bonnevlllesll'WIII Average 232.31 195.15 ..... 53.11 111.4i 82.34 266.65 217.40 104.24 
form19!U Mu:lrnum 277.00 233.00 SJ. U 60.27 123.76 911.80 304.57 2J5.19 114.35 
n• 39 Minimum 111.00 157.00 46.01 41.33 13.68 61.511 245.31 207.36 !W.42 41 .26 
' so 26,03 22.17 2.10 2.70 7.61 7.25 13.74 5.69 4.61 2.29 3.12 0.50 
Bonneville5m.illl Aver~ge 234.4, Ut.57 49.77 5-4.32 120.17 81.26 27-4.61 218.40 104.11 42.82 8.93 
form1995 Mu.lmum 280.00 240,00 55.48 60.82 129.44 93.07 315.64 247.90 115.09 45. 18 
' n•35 Minimum 182.00 155.00 44.12 46.27 10U7 66.51 252.79 201 .99 94.55 40.76 
so 23.12 11.88 2.5J 2.08 8.31 7.90 18.21 12.08 1.65 
"' 
Beillrl~ke Average 245.44 20&.00 46.40 53.29 113.18 11-4.30 257.66 224.18 104.31 4 \ .54 71 .94 7.89 
whitefish Mulmum 280.00 231 .00 50.118 57.34 137.74 96.51 281.82 239.11 1Hi.67 45.85 75 8 
n:o:l6 Minimum 217.00 183.00 41.75 46.54 '4.71 71.22 206.J.4 212.44 96.77 33.11 
" ' so 11.66 15.95 2.77 3.47 11 .28 7.1i5 17.31 7.12 5.80 2.99 
LA BORA TORY FISH 
Bonneville large Aver11ge 123.00 104.74 64.12 65.96 267.49 127.00 78.63 
'" form 1995 Mulmum 262.00 225.00 18.22 71.02 301.37 151.90 
" 
\0 
n=63 MinimYm 11.30 16.30 54.76 53.66 242.42 104.05 
so 71.74 67.87 6.48 6.61 20.07 12.99 1.92 0.40 
Bonnevlllesma.JI Average 184.68 156.11 52.17 60.1112 232.54 107.96 78 16 
"' lonn 1994 Mulmum 319.00 274.00 59.71 68.25 254.55 122.08 
... , Minimum 77.00 65.00 45.96 53.16 204.79 97.20 
" so 74.38 63.80 3.20 3.99 11.01 2.45 
Bonnevlllesm•ll Aver~ge 131. l4 111.85 60.40 £..4 .11 254.86 117.92 7933 
lonn1995 M.ulmllm 270.00 232.00 7l.U 80.00 310.77 \0 
Minimum 16.40 14.90 48.71 52.74 229.28 86.71 
" 
. 
so 7i.IO 68.33 6.59 5.95 19.69 12.66 223 0.38 
Bear lake Aver•ge 129.43 108.31 53.61 57.43 240.33 112.07 
"' whitefish Mulmum 221.00 1!11 .00 67.6S 71.43 278.05 134.15 
" ' n:33 Minlnwm 15.10 13.60 41.19 46.45 211.29 101.27 
" so 75.95 53.32 7.10 6.51 12.22 8.011 1.65 ou 
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FIG. 3. Bivariate plot of maxillary length and interorbital width for the purported 
large and small forms of the wild adult Bonneville whitefish and the wild adult Bear 
Lake whitefish collected in 1995. 
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FIG. 4. Plot of PC 1 and PC 2 scores from a PCA conducted on all length-
standardized measured characters and scale counts made on the wild adult Bear 
Lake whitefish and both proposed forms of the Bonneville whitefish . PC 1 loaded 
most heavily on maxillary length (0.43). interorbital width{0.42), head length (0.42) 
and postorbital head length (0.42) . while PC 2 loaded primarily on scales above 
the lateral line (0.54). scales in the lateral line (0.35) , eye diameter (0 .54) and 
pelvic to anal distance (0.48). 
24 
distinguishing taxa as scales in the lateral line and scales above the lateral line 
(Table 1 ). The scale counts were particularly helpful in separating the Bear Lake 
and small Bonneville whitefish which were differentiated primarily by PC 2 (Table 
1 ) . 
In contrast to the wild adult Bonneville whitefish , their laboratory reared 
progeny could not be separated into the purported large and small forms (Table 1 ). 
The four most useful characters that separated the purported large- from the small-
form wild adult Bonneville whitefish could not differentiate between the laboratory-
reared fish (Fig. SA, 58, 6A, and 68) . Ontogenetic shifts in these characters make 
it difficult to directly compare fish of different sizes (Fig . SA, 58, 6A, and 68). 
With the exception of interorbital width (Fig . 58) , the laboratory-reared 
Bonneville whitefish from 1994 had similar trends of growth in three of the four 
characters compared to the Bonneville whitefish from 1995 (Fig . SA, 6A, and 68). 
However, the standardized sizes of the characters all tended to be smaller for the 
laboratory-reared Bonneville small-form fish from 1994 when compared to both the 
large- and small-form progeny from the 1995 Bonneville spawners (Table 1; Fig . 
SA, 58, 6A, and 68). The laboratory-reared fish from 1994 may have experienced 
slightly different incubation and rearing environments from those reared a year 
later. Therefore, these differences may have caused the morphometric differences 
between the fish from 1994 and those from 1995 (Table 1 ). 
When reared under nearly identical laboratory conditions the large- and 
small-form Bonneville whitefish from 1995 did not show any significant difference 
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width (B) relative to changes in standard length for the different groups of 
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FIG. 6. Length-standardized measures of head length (A) and postorbital head 
length (B) relative to changes in standard length for the different groups of 
whitefish . W ild adult fish are represented with open symbols and laboratory-
reared fish with closed symbols. 
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(!-test p < 0.05) in growth rates (Fig . 7). A linear regression was used to describe 
growth up to about 800 days from hatch. Bonneville small-form fish from 1994 grew 
faster than all of the other groups reared in the laboratory up to 600 days. This 
higher growth rate may have contributed to the morphometric differences displayed 
in this group. The laboratory-reared Bear Lake whitefish had a lower growth rate 
than the other groups (Fig . 7). 
PCA analysis indicated that the laboratory Bonneville small-form fish from 
1994 were indistinguishable from the laboratory 1995 Bonneville large- and small-
forms in a plot of PCs 1 and 2. However, the 1994 fish did tend to show a slightly 
different pattern of grouping, in that they are grouped in the upper left hand corner 
of the plot more than the other groups (Fig . 8) . Much of the overlap in the PCA plot 
between the small-form laboratory fish from 1994 and both groups of laboratory fish 
from 1995 was due to the wide range of size classes that are included in the 
analysis. For the combined groups, 79.5% of the variation was explained by the 
first two components, and was most heavily loaded on maxillary length, interorbital 
width , head length and postorbital head length for PC 1, and on scales in lateral 
line and scales above lateral line for PC 2. 
Meristic analyses indicated that Bear Lake whitefish can be reliably 
distinguished from the Bonneville whitefish . Scales above lateral line and scales 
in lateral line were the most useful characters distinguishing adult and laboratory-
reared Bear lake whitefish from the Bonneville whitefish (Fig . 9 and 1 0). The 
laboratory-reared and adult Bear Lake whitefish had 75 or fewer scales in the 
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FIG. 7. Mean lengths in mm SL for laboratory-reared Bear Lake whitefish and both 
proposed forms of laboratory-reared Bonnevil le whitefish plotted against the days 
from hatch when they were sampled for measurement. 
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FIG. 8. Plot of PC 1 and PC 2 scores from a PCA run on the length-standardized 
measured characters and the scale counts made on the laboratory-reared Bear 
Lake and Bonneville whitefish (Table 1). PC 1 loaded most heavily on maxillary 
length (0.50) , interorbital width (0.44), head length (0.48) , and postorbital head 
length (0.47). PC 2 loaded most strongly on scales in the lateral line (0.68) and 
scales above the lateral line (0.57) . 
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lateral line with only one fish that had 75 (Table 1, Fig . 9). The Bonneville 
whitefish , however, had 75 or more scales in the lateral line with the exception of 
one fish that had 74 (Table 1, Fig. 9). All of the wild adult and 16 of 17 1aboratory-
reared Bear Lake whitefish had either seven or eight scales above the lateral line, 
with only one laboratory-reared fish that had nine scales above the lateral line 
(Table 1, Fig . 1 0). Conversely, only eight of the Bonneville whitefish had eight 
scales above the lateral line, while the rest of the 178 analyzed had nine or more 
(Table 1, Fig . 1 0) . 
Both the adult and laboratory-reared Bear Lake whitefish are distinguishable 
from the Bonneville whitefish with a plot of two PCs based on morphometric 
measures and scale counts (Fig . 4 and 8). In each plot for the adults and for the 
laboratory-reared fish , the Bear Lake whitefish were mainly separated from the 
small Bonneville whitefish of similar size by PC 2, which was loaded primarily on 
scales in the lateral line and scales above the lateral line. Preserv ing fish in 
formalin did not change the actual mean length of measured characters by more 
than 2% from measurements made on the same fish when fresh . The average 
change due to formalin preservation for all measured characters was a reduction 
in size of only 0.3%. It is assumed that the relative changes due to formalin 
preservation are constant among the species and forms, and subsequently do not 
affect the pattern of results. 
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FIG. 9. Frequency distribution of the count of scales in the lateral line for the wild 
adult and laboratory-reared Bear Lake whitefish and both proposed forms of 
Bonneville whitefish. Little overlap was found between the Bonneville whitefish 
and the Bear Lake whitefish in this scale count. 
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wild adult and laboratory-reared Bear Lake whitefish and both proposed forms of 
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Truss Analyses 
Truss analysis on the wild adults showed some differences between the 
purported large- and small-form Bonneville whitefish groups, as well as between the 
large-form Bonneville whitefish and the Bear Lake whitefish . Most of the variance 
between the purported large- and small-form adult Bonneville whitefish were in 
trusses 1, 2, 3, 6, and 8 (Table 2). The difference in body shape between Bear 
Lake whitefish adults and the Bonneville large-form adults was less than 
between the small and large-form Bonneville whitefish . These differences were 
mainly explained by trusses 1, 3, and 8. Differences between the adult Bear Lake 
whitefish and the Bonneville small-form adults were not as notable as differences 
between the two purported forms of Bonneville whitefish (Table 2) . 
PCA was used to quantify combined differences in truss scores among 
groups. A plot of PC scores 1 and 3 for the standardized truss measures on the 
wild adult fish indicates a distinct grouping of the large Bonneville fish , and a less 
distinct grouping between small Bonneville and Bear Lake whitefish (Fig. 11). PC 
1 accounted for 34 .2% of the variation. Heaviest loading was on trusses 3, 12, 1, 
2, and 5, respectively , and PC 3 explained an additional 13.2% of the variation by 
loading most heavily on trusses 4,1, and 8, respectively. PC 2 accounted for 15% 
of the variation , but was not deemed as biologically significant as PC 3, because 
it could not be used to distinguish among purported taxonomic groups as well as 
PC 3. 
TABLE 2. Truss scores converted to thousandths of standard length for all groups of wild adults and laboratory-reared 
whitefish. Averages, maximums, minimums, sample sizes (n), and SO's are given for each group and respective truss . 
Truss# 
Group 10 11 12 
W1LDADULTS 
Bear Lake Average 452 355 164 78 196 246 334 196 301 242 154 190 
Whitefish Maximum 479 380 179 00 221 291 365 225 32•1 256 172 214 
n:::2Q Minimum 402 333 143 59 172 214 281 165 266 223 134 172 
so 20 12 11 6 12 20 20 10 16 , 10 11 
Bonneville Large Average 502 348 141 82 178 238 340 237 306 231 146 101 
Form 1995 Maximum 543 380 174 90 198 262 386 294 335 243 154 200 
n=20 Minimum 471 306 82 77 159 207 294 202 285 2 14 129 159 
so 16 19 19 3 8 14 18 19 14 9 6 12 
Bonneville Small Average 455 382 169 86 198 272 335 199 LUB 2 44 155 196 
Form 1995 Maximum 486 415 194 98 231 302 358 225 334 276 169 221 
n=27 Minimum 424 358 139 74 171 243 302 170 264 225 136 176 
so 15 . 15 14 7 14 20 14 11 16 14 7 12 
LABORATORY FISH 
Bear Lake Average 449 369 182 85 195 256 307 190 279 217 151 207 
Whilefish Maximum 471 426 198 90 226 280 345 242 312 245 172 227 
n=20 Minimum 421 337 162 71 165 229 269 170 259 190 134 102 
so 14 20 10 7 14 16 19 21 16 14 12 
Bonneville Large Average 465 353 165 80 187 238 325 201 205 205 139 190 
Form 1995 Maximum 489 378 180 80 204 266 352 228 317 222 150 213 
n=20 Minimum 442 326 146 73 168 218 287 168 253 105 131 175 
so 13 13 10 5 10 11 16 16 15 10 6 9 
Bonneville Small Average 466 359 162 83 192 238 331 196 298 212 1>16 187 
Form 1995 Maximum 487 384 177 90 215 262 358 226 327 240 158 200 
n=20 Minimum 435 334 137 77 169 204 293 156 261 189 128 176 
so 15 12 9 14 14 22 21 20 14 
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FIG. 11 . Plot of PC 1 and PC 3 scores from a PCA performed on the truss 
measures converted to thousandths of SL for the wild adult Bear Lake whitefish 
and both proposed forms of Bonneville whitefish gill-netted in December of 1995. 
PC 1 is most heavily loaded on trusses 3 (0.38), 12 (0.35) , 1 (0.35) , 2 (0.34), and 
5 (0 .34) , while PC 3 is loaded most heavily on trusses 4 (0 .55), 1 (0 .51), and 8 
(0 .32) (FIG. 1). PC 2 did not separate taxonomic groups as well as PC 3. 
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Similar analyses performed on the laboratory fish revealed a different pattern 
from the wild adult fish . Most notably, the purported large- and small-forms of 
Bonneville whitefish were not distinct when reared under common environmental 
conditions and compared at similar sizes (Fig. 12, Table 2) . The cultured Bear 
Lake whitefish , however, did separate out to some extent from the cultured 
Bonneville whitefish (Fig . 12 and Table 2) . PC 1 accounts for 32 .0% of the 
variation , and was most strongly loaded on trusses 12, 2, 3, and 1, respectively, 
while PC 2 described an additional 24.7% while loading most heavily on trusses 8, 
7, and 10, respectively (Fig . 12). 
Aging and Sexual Maturity 
The aging analysis suggested that the purported large- and small-forms of 
the Bonneville whitefish may be different age classes of a single population. The 
mean ages of the sexually mature Bear Lake whitefish . and purported large- and 
small-form Bonneville whitefish were 8.1 , 13.1, and 6.8 yr, respectively. Both the 
Bear Lake and purported small-form Bonneville whitefish appeared to reach sexual 
maturity at 3 yr of age in the wild (Fig . 13). The purported small-form Bonneville 
whitefish reared in the laboratory from adults collected in 1994 also matured 
sexually at 3 yr of age. The wild Bonneville whitefish that were tentatively classified 
as a purported large form were at least 5 yr old (only one individual), with most of 
them aged at 7 yr and older (Fig . 13). 
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FIG. 12. Plot of PC 1 and PC 2 scores from a PCA performed on standardized 
truss measures for the laboratory-reared Bear Lake whitefish and both proposed 
forms of Bonneville whitefish . Only the progeny from the wild adults spawned in 
December of 1995 were included. PC 1 loads most heavily on trusses 12 (0.39), 
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FIG. 13. Ages determined from otolith analysis and lengths of wild spawning 
whitefish. It appears that the proposed small form Bonneville whitefish are merely 
younger individuals than the proposed large form Bonneville whitefish. Note the 
extreme ages of some individuals. 
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The otolith analysis demonstrated that the fish presumed to be large-form 
Bonneville whitefish are older fish than the small Bonneville whitefish . The age 
structure for these fish provides evidence that they are most likely part of the same 
group rather than two separate forms (Fig 13.). The purported large-form 
Bonneville whitefish obtained ages up to 33 yr at a length of 366 mm SL. Growth 
for these fish slowed markedly at ages greater than 8-10 yr (Fig . 13). The 
purported small Bonneville whitefish ranged from 3-13 yr of age, but did not have 
a growth plateau as the other groups did (Fig . 13). The pattern of ages for the 
purported small-form Bonneville whitefish in conjunction with that of the large-form 
Bonneville whitefish shows a continuous pattern of growth for one form of 
Bonneville whitefish , not two (Fig. 13). Growth rates of Bear Lake whitefish 
appeared to be slower than those of Bonneville whitefish . The Bear Lake whitefish 
reached ages of about 18 yr at lengths of about 210 mm SL, and growth slowed in 
fish over 6 yr of age (Fig . 13). 
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DISCUSSION 
The morphological and aging evidence gathered from this study indicates 
that there are only two distinct, and identifiable, groups of endemic Prosopium in 
Bear Lake other than the easily identifiable Bonneville cisco : Bonneville whitefish 
and Bear Lake whitefish . The aging data and the morphometric data from the 
laboratory-reared fish indicate that there are not multiple forms of the Bonneville 
whitefish as suggested by White (1974). 
Bonneville Whitefish 
From the size distributions of the spawning Bonneville whitefish , there 
appeared to be distinct large and small groups as indicated by a bimodal 
distribution . It is possible, though unlikely, that the bimodal distribution from the 
1995 sampling was artificially created by incomplete sampling or inadequate gear. 
If there were two separate groups of Bonneville whitefish , they should have been 
collected and spawned correctly into their respective groups during the sampling 
conducted in December of 1995. Our ability to differentiate between the two 
purported groups for spawning purposes was validated by our being able to 
subsequently categorize the wild fish as the purported large- and small-form 
Bonneville whitefish with morphometries, as did White (1 974). 
The progeny from these "large" and "small" wild adults were successfully 
reared in the laboratory, and samples were taken to represent each group at a wide 
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range of sizes from first hatch up to near-adult sizes (240 mm). The morphometric 
characters that could be used to identify purported large- and small-form groups of 
the wild adult Bonneville whitefish were not useful for distinguishing between the 
same-sized fish from each group when reared in a common environment. 
Bonneville whitefish go through an ontogenetic shift in certain characters that 
apparently led to the hypothesis that there may be separate large- and small-forms 
(White 1974). Most of the characters that undergo this shift are in the morphometry 
of the head. Relative sizes of the maxillary length, interorbital width , head length, 
and postorbital head length were the most distinguishing characteristics that 
differentiated small and large wild adult Bonneville whitefish . However, these 
characteristics could not be used to distinguish between the progeny of the large-
and small -form groups reared in the common laboratory environment. This 
indicates that differences noticed in the wild adult fish may not be due to genetic 
variation between the two putative groups, but rather to ontogenetic changes in 
morphological characteristics. Also, as both proposed forms of the laboratory-
reared Bonneville whitefish grew to sizes comparable with those of the wild adults 
of the presumed small form , the distinguishing measures mentioned above 
overlapped among the groups (Figs. 5A, 5B, 6A, and 6B). This indicates that 
purported large-form fish did not have any unique growth patterns in these 
characters, and that the purported large and small forms should show similar 
ontogenetic shifts as they grow into large-form sizes. 
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It is possible that the purported large-form Bonneville whitefish could 
demonstrate a unique pattern of ontogenetic shifts from the small-form . 
Ontogenetic shifts in morphometry are not uncommon in fish development (Mabee 
1989; Meyer 1990). Meyer (1990) described how some characters in a polymorphic 
species of cichlid fish are similar when the two forms are juveniles, but an 
ontogenetic shift occurs that separates the forms as they develop into adults. A 
similar pattern could occur in the two proposed forms of Bonneville whitefish , where 
the two groups would separate out morphometrically if the laboratory fish had been 
reared for several more years. It is unlikely, however, that the Bonneville large form 
fish would show such a similar pattern of growth as the small-form fish for up to 7 
yr, as shown with the aging data. before demonstrating the described morphological 
differences found in the wild adult fish (Fig . 13). 
Truss analysis revealed similar results to the morphometric findings , where 
the wild adult Bonneville whitefish appeared to have separate large- and small-form 
groups. However, the cultured progeny did not show any clear distinctions between 
these supposed forms. Trusses one and eight, which largely contributed to the 
variation between the purported large and small forms, are greatly influenced by the 
morphometry of the head. The head seems to undergo a shift in morphology that 
would largely influence the results of the truss analysis in differentiating between 
the purported large and small Bonneville whitefish. 
The otolith aging data supported the morphological findings. It appears that 
the presumed small form of wild adult Bonneville whitefish are simply younger fish 
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of a single Bonneville whitefish group. No extremely old (> 13 yr) "small-form" 
Bonneville whitefish were found in the otolith aging , and no young (<7 yr) "large-
form" fish were found either. Though it is possible that we simply may not have 
selected old small-form Bonneville whitefish for the otolith aging , it is unlikely that 
it would take the "large-form" Bonneville whitefish 7 yr to mature when the other 
closely related groups mature at 3 yr of age. It also seems unlikely that we would 
have missed the younger "large-form" fish in our sampling . It is possible that 
sampling bias caused unequal representation of the age classes in both purported 
Bonneville whitefish groups. However, it is unlikely due to the findings in the 
morphological analyses which did not reveal any small , supposedly young , "large-
form" Bonneville whitefish . Many Bonneville whitefish of all sizes were caught 
when we were sampling for Bear Lake whitefish . This would presumably be when 
sampling for immature individuals of the Bonneville whitefish would be less biased, 
and still no small/young of the purported large-form Bonneville whitefish were found 
when a quick in-the-field analysis was made on these fish. This analysis consisted 
of using head length and maxillary length to determine large- and small-forms as 
White (1974) had shown. 
The group of fish reared as small-form Bonneville whitefish from the wild 
adults captured in December of 1994 displayed a slightly different pattern in some 
of the characteristics from the small-form Bonneville whitefish reared a year later 
(Fig. SA, 58, 6A, and 68). The differences in morphometry may be due to slightly 
different rearing environments between the two years. On the basis of all 
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characters, however, the 1994 cohort differed little from the 1995 cohorts of 
laboratory-reared Bonneville whitefish (Fig . 8) . 
Similarity in growth rates in conjunction with the fast growth to "large-form" 
sizes of the cultured "small-form" fish would also indicate that there are not two 
groups of the Bonneville whitefish. Within 3 yr of being reared in the laboratory, the 
purported small-form fish from 1994 reached lengths over 270 mm SL (Table 1). 
These sizes would rarely be obtained by the purported small-form fish in the wild 
given their theoretical dwarf nature. From the otolith data, purported small-form fish 
only occasionally reached 270 mm SL, normally taking 1 0-13 yr to do so. The 
laboratory fish were reared in higher temperatures and food concentrations than 
would be found in Bear Lake, but growth rates were not significantly different 
between the purported large- and small-form groups (Fig . 7) . The fish considered 
to be small-form Bonneville whitefish are most likely younger fish of the same taxa 
as the larger fish . 
Given the timing of spawning for the two suggested forms of Bonneville 
whitefish , it seems unlikely that genetic differences could be maintained, if any 
exist. The larger Bonneville whitefish started spawning earlier than the smaller 
Bonneville whitefish, but there was considerable overlap . Large and small 
Bonneville whitefish were captured in the same locations, and both were observed 
to be spawning at the same times. Previous studies (White 1974) indicated that 
laboratory hatching survival of crosses between large and small Bonneville 
whitefish were no less than survival within their respective groups. Hatching 
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survival does not directly indicate survivability to reproduction or viability. However, 
given the ease with which crosses could be made it seems unlikely that genetic 
differences could be maintained . Variation in spawning timing among older and 
younger, and/or among larger and smaller individuals in a population has been 
described for other fish species (van den Berg he and Gross 1984; Hutchings and 
Myers 1993) and for terrestrial organisms (Reid 1988; De Forest and Gaston 1996). 
The possible reasons for early spawning in the older/larger Bonneville whitefish is 
unknown, and may be either behavioral or physiological. 
Bear Lake Whitefish 
Differentiating between the Bear Lake whitefish and the Bonneville whitefish 
was difficult prior to my study. The 2-month gap in spawning times between these 
species, however, implies that genetic and morphometric differences must exist. 
Results presented here demonstrate that Bear Lake whitefish and Bonneville 
whitefish can be distinguished by using counts of scales in the lateral line and 
scales above the lateral line. If a fish of any size has fewer than 75 scales in the 
lateral line, and eight or fewer scales above the lateral line, it is a Bear Lake 
whitefish . Conversely , if a whitefish has 75 or more scales in the lateral line, and 
nine or more scales above the lateral line, it is likely a Bonneville whitefish . Of the 
35 Bear Lake and 186 Bonneville whitefish included in the scale counts, 99% of 
them were identified correctly by scales in the lateral line, and 96% of them were 
correctly identified by scales above the lateral line. For the greatest reliability , both 
46 
scale counts should be made to classify individuals. Given the nature of the 
counting method, scales in the lateral line should be the most reliable . There is 
less chance for bias , and error in the count is less likely to lead to a 
misclassification as compared to counting scales above the lateral line. 
Truss analysis revealed that there were no body form distinctions between 
the wild adult Bear Lake whitefish and the purported small-form Bonneville 
whitefish. The laboratory-reared fish , however, did show some differences between 
the Bear Lake and both purported forms of Bonneville whitefish , though no clear 
distinctions could be made. It is unknown if the differences in the subadults reared 
in the laboratory wou ld be noticed in subadults in the wild . 
The otolith aging revealed that the Bear Lake whitefish demonstrate a 
different pattern of growth from the Bonneville whitefish . The Bear Lake whitefish 
do not reach sizes obtained by the Bonneville whitefish , yet achieve old ages (Fig . 
13). The results from the otolith aging in this study are somewhat different than the 
results found from scale aging in White's (1974) study. The scale aging did not 
show the extreme ages that some of these fish reach . From White's (1974) scale 
aging , Bonneville whitefish averaging 393 mm TL were estimated to be 9 yr old 
(White 1974). By comparison , in my study the four largest Bonneville whitefish 
averaged 403 mm TL, and the mean age was estimated to be 22 yr. The oldest fish 
from the scale aging was a "large-form" Bonneville whitefish determined to be 13 
yr old (White 1974), compared to a 33-yr-old Bonneville whitefish from the otolith 
aging. O'Gorman et al. (1987) were able to show that scales often do not truly 
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reflect the age of older fish , often underestimating ages. Whitefish (Prosopium and 
Coregonus) in other systems also reach ages (up to 28 yr) comparable to the 
whitefish in Bear Lake (Carlander 1987). 
Genetic techniques have improved greatly since Whi te's (1974) study, and 
considerable genetic work has been done on whitefish elsewhere (Kirkpatrick and 
Selander 1979; Bernatchez and Dodson 1990a, 1990b; Kristofferson and Clayton 
1990; Shields et a!. 1990; Bernatchez and Dodson 1991 ; Bernatchez et a!. 1991 ; 
Lockwood eta!. 1991 ; Bodaly eta!. 1992; Snyder eta!. 1992; Vuorinen eta!. 1993). 
Future work should include the use of these newer, and possibly more 
discriminating methods of genetic analysis . Genetic information, in conjunction with 
morphological analysis , may help to distinguish more accurately between the taxa 
and provide information on the relative degrees of genetic and morphological 
divergence between these fish . Mitochondrial DNA work was initially attempted in 
this study, but small sample sizes limited any conclusive results (Appendix). 
Future genetic studies may provide more definitive results on the levels of 
divergence among these whitefish species, but from a practical management 
standpoint, being able to identify species quickly in the field is of great importance. 
Given the findings of this study, it will now be possible to follow more closely the 
population dynamics of the Bear Lake and Bonneville whitefish species. Population 
monitoring of these distinct species is crucial , given the continued stocking and 
promotion of the nonnative lake trout and native cutthroat trout as sport fish . It is 
not known if there is prey selection for either species of whitefish by these 
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predators . In addition , because these whitefish are harvested by anglers, it would 
be important to follow the harvest pressures on each species. There are currently 
many gaps in our understanding of possible niche partitioning among the whitefish 
species in Bear Lake. To better manage these unique species in this highly unique 
system, it will be imperative to follow this study with ecological and life history 
studies. 
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This preliminary report presents initial data on the mitochondrial DNA (mtDNA) 
sequences of three forms of the genus Prosopium found in Bear Lake, Utah. 
The three forms were P. spilonotus large form, P. spilonotus small form , and P. 
abyssicola . The primary objective of this research was to determine whether 
there were genetic differences, as revealed by DNA sequences among the 
three forms . Samples were provided by the Department of Fish and Wildlife , 
Utah State University. Mitochondrial DNA from 12 fish was isolated, amplified , 
purified , and sequenced. Low DNA recovery has limited sample sizes to date. 
A sequence of 339 base pairs from the d-loop or control reg ion of the mtDNA 
molecule was identified for each sample. Two sites were found to be variable 
among the samples. A substitution at position 227 was found in one of three P. 
spilonotus small form samples and a substitution at position 248 was found in 
one of five P. spilonotus large form . All P. abyssicola and all other samples 
were the same as the reference sequence. Therefore, although these results 
are not conclusive because of small sample sizes, they suggest that there 
might be genetic differences in mtDNA among the three sampled Prosopium 
forms in Bear Lake. 
blltextlwf-mtdna.rpt 
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Introduction 
This is a preliminary report on progress in identifying genetic differences 
among three forms of Prosopium (genus of round whitefishes) which are found 
in , and are endemic to, Bear Lake, Utah. The three forms were P. spi/onotus 
large form , P. spilonotus small form , and P. abyssicola. 
The primary purpose of this study was to sequence mitochondrial DNA from the 
three forms of Prosopium in order to determine whether genetic differences 
could be found among individuals and among stocks. 
Methods 
Samples of Bear Lake Prosopium were provided by Dr. Wayne Wurtsbaugh , 
Department of Fish and Wildlife, Utah State University. Samples were pieces 
of muscle, preserved in NaCI saturated aqueous solutions with DMSO and 
EDT A. Sample designation as to form or species were provided by Dr. 
Wurtsbaugh . Three P. spi/onotus small form , five P. spilonotus large form, and 
four P. abyssicola have been successfully sequenced to date. 
DNA was extracted from muscle tissue of each fish using standard 
phenol/chloroform extraction protocols (Sambrook et al. 1989). Lysis buffer 
was added to a small amount of tissue which was then ground using a Teflon 
pestle . The tissue was digested and DNA released from the cells by the 
addition of proteinase K and incubation at 37• C. The DNA was purified by two 
extractions with phenol/chloroform/isoamyl alcohol and subsequently 
precipitated with sodium acetate and 95% ethanol. The precipitated DNA was 
washed with 70% ethanol to remove the salt, dried , and resuspended in TE 
buffer, pH 8.0. 
DNA amplification was carried out using the polymerase chain reaction (PCR) 
technique. We used the HN20 and LN20 primers which were originally 
developed for use with brook trout (Bernatchez & Danzmann 1993). We used 
a QIAquick PCR purification kit and then dried the purified samples for 
transport to the sequencing laboratory. 
DNA sequencing was performed at the National Research Council of Canada 
Plant Biotechnology Institute in Saskatoon. Sequencing was automated using 
the dideoxy chain termination method with H2 sequencing primer. 
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Chromatographs were examined for errors in designation of nucleotides, as 
compared to a reference sequence. Sample Blue 5 (P. spi/onotus large form) 
was used as the reference . Corrected sequences were aligned and compared 
to the reference sample. 
Results 
A sequence of 339 nucleotide bases from the d-loop region of mitochondrial 
DNA was defined for the selected reference fish (Fig . 1 ). A total of three 
haplotypes were found in Bear Lake Prosopium samples (Fig. 2). All 
haplotypes differed from the reference sequence by a single substitution (Fig. 
2). Haplotype 1 (the reference sequence) comprised the majority of samples 
and was found in 10 of 12 fish examined. A single base-pair substitution at 
position 227 was found in one of three P. spi/onotus small form fish , and a 
single base-pair substitution at position 248 was found in one of five P. 
spi/onotus large form fish . 
Although a quantitative analysis of variation has not yet been done, the mtDNA 
sequences obtained for Bear Lake Prosopium were found to be very similar to 
sequences for round whitefish (P. cylindraceum) , confirming that the Bear Lake 
fi shes do belong in the genus Prosopium. Fishes of the genus Prosopium, 
including the present samples from Bear Lake, were quite distinct from those in 
the other two whitefish genera (Coregonus and Stenodus) (Reist et al. in 
press). 
Discussion 
All three forms of Prosopium appear to be very closely related because they 
share the same common DNA sequence. Fixed genetic differences will 
therefore not be found among the forms, although there may be differences in 
the frequency of certain haplotypes among the forms or even the presence of 
certain haplotypes in one form which is not found in others . In fact , the results 
point to the possibility of genetic differences among the three forms examined, 
because base-pair substitutions were found that were unique to the two P. 
spilonotus forms. However, these preliminary conclusions are inconclusive 
because of small sample sizes. The examination of more samples will be 
required to confirm or refute this hypothesis and further samples are being 
processed at this time. 
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Mitochondrial DNA sequences do confirm that all samples from Bear Lake are 
members of the genus Prosopium. In addition , four presumed TAS's 
(Termination Associated Sequences- TACAT) are found in the Bear Lake 
Prosopium mtDNA sequences analysed (Figure 1) which are found in other 
salmonid fishes (Reist et al. in press ; Shedlock et al. 1992). 
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TAAAC GGAAC GATGC TGAAA GTTGG TGGTA AAGAC GGAGC CCGTG 
TTAGC TGGAG GTATG TTGTT TAGCA ATTAA TCAAG TTAGA ACGGT 
TCCGT TGGTG GTTAT CCGAG TCTTG CTTAA TGTAA ACCTT GGGTT 
AGTGC TGATG TATGA GGGCT TAAAA CCACT AATGT TGATA ATACA 
TATGA TGTAC TACCC ACGTG CCCAT AATAG TATAT GGGTC AGTAC 
ATAAT ATGCA ATATT ATACA TAGAC ATGTA TTGCC TACAG AGTAT 
ATGGG GCATA TACTC TTTAT ATTAC ATGTA GGGGC CAGAG GGTAA 
TTTAA CTTAA AATCT TAGCT TTGG 
FIG 14 . Sequence of the 339 base-pair s egment of the mtDNA 
control reg ion of reference fish chosen (Blue 5 - P . 
spilonotus large form) , Flear Lake, Utah . Sequence 
corresponds to the L-strand , 5' to 3 '. 
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Sample # Form Position 227 
Position 248 
Red 7 P. spilonotus small G G 
Red 9 P. spilonotus small T G 
Red 12 P. spilonotus small T G 
Blue 1 P. spilonotus large T T 
Blue 5 (reference) 
P. spilonotus large T G 
Blue 44 P. spilonotus large T G 
Blue 45 P. spilonotus large T G 
Blue 49 P. spilonotus large T G 
Blue 101 P. abyssicola T G 
Blue 102 P. abyssicola T G 
Blue 103 P . abyssicola T G 
Blue 104 P . abyssicola T G 
FIG 15. Var iation in mtDNA haplotypes found in Prosopium 
from Bear La ke, Utah, in comparison to the reference 
sequence given in Figure 14. 
